Tenacibaculum agarivorans sp. nov., an agar-degrading bacterium isolated from marine alga Porphyra yezoensis Ueda 
Agar is an abundant marine polysaccharide and is the main cell wall component of red algae. Agar represents a huge biomass in the marine environment and is one of the most important sources of biomass for decomposition and conversion [1] . In addition, agaroligosaccharides from agar hydrolysis are water-soluble and easily absorbed by the body, so they have great prospects for the application in food, medicine, cosmetics and other fields. Microorganisms, as primary consumers of degradable agar, are the main source of species for studying agar biomass conversion and preparation of agar oligosaccharides. In recent years, many agar-degrading bacteria have been isolated and described, such as Catenovulum maritimus [2] , Aquimarina agarivorans [3] , Thalassomonas agariperforans [4] and Tenacibaculum jejuense [5] .
In the course of screening agar-degrading micro-organisms present in a variety of natural resources near Weihai, PR China, we isolated a yellowish, agar-degrading bacterium from the surface of a marine alga Porphyra yezoensis Ueda (AST58-103), which was designated HZ1
T . The results of comparative 16S rRNA gene sequence analysis indicated that HZ1
T is phylogenetically most closely affiliated to members of the genus Tenacibaculum of the family Flavobacteriaceae. The aim of the present work was to determine the exact taxonomic position of HZ1
T by using polyphasic characterization.
HZ1
T was isolated by the dilution plating technique on marine agar 2216 (MA; Difco) at 28 C. After that, HZ1
T was routinely cultured on MA at 28 C and preserved at À80 C as a suspension in sterile 1.0 % (w/v) saline supplemented with 15 % (w/v) glycerol. Tenacibaculum amylolyticum JCM 21776
T and Tenacibaculum maritimum NBRC 110778 T , chosen as reference strains in this study, were obtained from the Japan Collection of Microorganisms and the Biological Resource Center, NITE (NBRC), respectively. Amplification and sequencing of the almost complete 16S rRNA gene of HZ1 T were performed as previously reported [6] . The resultant sequence was submitted to the GenBank database and preliminary comparisons were made with corresponding sequences of closely related type strains using the BLAST algorithm as well as the EzBioCloud [7] . Phylogenetic trees were inferred with the neighbour-joining, maximum-likelihood and maximum-parsimony methods implemented in the software package MEGA version 7 [8] . Bootstrap values were evaluated based on 1000 replicates for each of the three methods. Shotgun genome pyrosequencing of HZ1
T was performed by Shanghai Personal T , the finding also confirmed by maximum-likelihood and maximum-parsimony methods ( T and Tenacibaculum maritimum NCIMB 2154 showed a relatedness of 73.6 %, which was far below the 95 % threshold value for species delineation. The DNA G+C content of the draft genome sequence was 31.8 mol%, which was within the DNA G+C content range of members of the genus Tenacibaculum (30.3-35.2 mol%).
The Gram reaction of HZ1
T was determined by using a commercial Gram staining kit (Solarbio) according to the manufacturer's instructions. Colony size, shape and colour were determined after 2 days incubation at 28 C on MA. Cell morphology and size were examined by scanning electron microscopy (model Nova NanoSEM450; FEI) after growth on MA at 28 C for 2 days, which was carried out by the Analysis and Testing Centre for Physics, Chemistry, and Material, Shandong University. Motility was determined by the hanging-drop method with light microscopy (Ci-L; Nikon) and gliding motility was determined as described by Bowman [10] . The optimal temperature and temperature range for growth were determined on MA at 4, 12, 15, 20,
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Polaribacter marinivivus GYSW- 28, 33, 37, 40 and 42 C. The requirement for and tolerance to NaCl was tested on NaCl-free artificial seawater medium broth supplemented with 0.5 % peptone, 0.1 % yeast extract, 0.01 % FePO 4 and various concentrations of NaCl (adjusted to 0, 0.5 and 1-8 %, using increments of 1 %). The optimal pH and pH range for growth was investigated between pH 5.5 and 10.0 (in increments of 0.5 pH units) in marine broth 2216 (MB; Difco) at 28 C using the method described by Xu et al. [6] . Growth under anaerobic conditions was tested after incubation for 14 days in an anaerobic jar on MA at 28 C with or without 0.1 % (w/v) NaNO 3 . Catalase and oxidase activities were determined using 3 % (v/v) H 2 O 2 solution and oxidase reagent (bioM erieux), respectively. Reduction of nitrate and the degradation of agar, starch, Tweens, casein, alginate, DNA and cellulose were assessed according to the methods of Dong and Cai [11] . The pigments were extracted and analysed according to the method of Biebl et al. [12] using a UV/visible spectrophotometer (model V-1100D; MAPADA). The presence of flexirubintype pigments was investigated using 20 % (w/v) KOH solution [13] . Susceptibility to antibiotics was investigated on MA using the disc diffusion method as described previously [14] , and according to procedures outlined by the Clinical and Laboratory Standards Institute. Other biochemical tests, such as the activity of constitutive enzymes, production of acid and oxidization of substrates were performed using API 20E, API ZYM and API 50CHB strips (bioM erieux) and Biolog GEN III MicroPlates. All of the API tests and Biolog GEN III MicroPlates assays were carried out according to the manufacturer's instructions at 28 C except that the NaCl concentration was adjusted to 3.0 % (w/v).
Like other type strains of species of the genus Tenacibaculum, HZ1
T was also determined to be Gram-strain-negative, rod-shaped and catalase-positive, but there were also many phenotypic differences between HZ1
T and other species of the genus Tenacibaculum, such as oxidase activity, agarase activity and gliding motility. Detailed morphological, cultural, physiological and biochemical characteristics of HZ1 T are given in the species description and in Table 1 and Fig.  S1 (available in the online version of this article). HZ1
T was found to be susceptible to ofloxacin (5 µg), chloramphenicol (30 µg), vancomycin (30 µg), erythromycin (15 µg), norfloxacin (10 µg), rifampin (5 µg) and lincomycin (2 µg), but resistant to kanamycin (30 µg), neomycin (30 µg), tobramycin (10 µg), streptomycin (10 µg), penicillin (10 µg) and gentamycin (10 µg).
Biomass subjected to chemotaxonomic analyses was grown in MB at 28 C for 1-2 days, when the bacteria were in the late exponential growth phase. Extraction, methylation and analysis of the fatty acids were done with the Sherlock Microbial Identification System (MIDI) 6.1 equipped with a model 6890 N gas chromatograph (Agilent), which was performed by Shanghai Public Health Clinical Centre. Respiratory quinones were extracted and purified according to the procedures described by Minnikin et al. [15] and were separated by HPLC [16] . Polar lipids analysis of HZ1
T and the two reference strains was carried out by the Identification Service, Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany). Total lipid material was detected using molybdatophosphoric acid and specific functional groups were detected using spray reagents specific for defined functional groups. Full details are given by Tindall et al. [17] .
The fatty acid profile of HZ1 T was similar to those of T. amylolyticum JCM 21776 T and T. maritimum NBRC 110778 T , although there were differences in the proportions of some components ( Table 2 ). The major cellular fatty acids (representing more than 10 % of the total fatty acids) present in HZ1
T were iso-C 15 : 0 (35.8 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (18.3 %), iso-C 17 : 0 3-OH (13.8 %) and iso-C 15 : 1 G (12.8 %) . The predominant isoprenoid quinone detected in HZ1 T was menaquinone 6 (MK-6), a result consistent with the quinone profiles of other members of the genus Tenacibaculum. The major polar lipids detected in HZ1
T were phosphatidylethanolamine, four unidentified lipids (L1-L4) and five unidentified aminolipids (AL1-AL5), which were also detected in the two reference strains, except for AL2. However, HZ1 T Table 1 . Differential characteristics between HZ1
T and type strains of related species of the genus Tenacibaculum Strains: 1, strain HZ1 T (data from this study); 2, T. amylolyticum JCM 21776 T (data from this study); 3, T. maritimum NBRC 110778 T (data from this study); 4, T. skagerrakense D30 T [18] . +, positive; À, negative.
ND, no data. could be differentiated from T. amylolyticum JCM 21776 T and T. maritimum NBRC 110778 T by the presence of phosphoaminolipid and the absence of phosphatidylmethylethanolamine. (Fig. S2 ).
On the basis of the phenotypic, chemotaxonomic, phylogenetic and genetic data, strain HZ1
T is considered to represent a novel species of the genus Tenacibaculum, for which the name Tenacibaculum agarivorans sp. nov. is proposed.
DESCRIPTION OF TENACIBACULUM AGARIVORANS SP. NOV.
Tenacibaculum agarivorans (a.ga.ri.vo¢rans. N.L. n. agarum, agar, algal polysaccharide; L. v. vorare, to devour, to digest; N.L. part. adj. agarivorans, agar-digesting).
Gram-stain-negative, aerobic, non-flagellated, non-sporeforming and non-motile. Cells are rod-shaped, 0.3-0. Citrate utilization, Voges-Proskauer reaction, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease and tryptophan deaminase are negative. Indole and H 2 S are not produced. Alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin and acid phosphatase activities are present. Esterase (C4), esterase lipase (C8), lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-glucosaminidase, a-mannosidase, b-mannosidase and naphthol-AS-BI-phosphohydrolase activities are absent. Acid is produced from aesculin ferric citrate and potassium 5-ketogluconate. Sucrose, glycyl-Lproline, glucuronamide, acetoacetic acid, stachyose and acetic acid are oxidized. The predominant menaquinone is MK-6. The major cellular fatty acids are iso-C 15 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The major polar lipids are phosphatidylethanolamine, four unidentified lipids and five unidentified aminolipids.
The type strain, HZ1
T (=MCCC 1H00174 T =KCTC 52476 T ), was isolated from the surface of a marine alga Porphyra yezoensis Ueda collected from the coastal area of Weihai, PR China. The DNA G+C content of the type strain is 31.8 mol%.
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